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Distinguishing the externally similar imagines of Tiracola plagiata and T. aureata whose forewing 
lengths were shown to overlap (Lepidoptera, Noctuidae) 
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Abstract Two species of the genus Tiracola Moore known from Japan, T. plagiata and T. aureata, have very similar 
wing markings and very variable coloration of the forewings. They have been considered to be distinguishable easily 
from each other by the lengths of the forewings. Usually T. aureata has been believed to be larger than T. plagiata. 
However, by measurement of the forewings, we have found that some specimens of T. plagiata are larger than T. aureata. 
We have therefore developed discrimination methods for them using the female genitalia and standard DNA barcoding. 
As aresult, we could distinguish them by the characteristics of the antrum of the female genitalia. Furthermore, we could 


distinguish them successfully using standard DNA barcoding (COD. 
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Introduction 


The genus Jiracola Moore, 1881 comprises 13 species 
worldwide (Poole, 1989; Holloway, 1989): two species, 
T. plagiata (Walker) and T. aureata Holloway, have been 
recorded from Japan (Sugi, 2001; Yoshimatsu, 2011). The 
larva of T. plagiata seems to be highly polyphagous and 
is known as a pest of Theobroma cacao (Cacao), Hevea 
spp. (Para rubber tree) and Pinus merkusii (Merkus pine) 
in Indonesia (Kalshoven and Laan, 1981) and Citrus spp. 
in Taiwan (Sugi, 1982). But, as mentioned by Holloway 
(1989), host records of T. plagiata should be carefully 
checked because they may include those of T. aureata 
also. 


Both species have very similar wing markings and very 
variable coloration of the forewings (Figs 1-4), but they 
are easily distinguishable by the male genitalia as illustrated 
by Holloway (1989). Additionally, it was thought to be 
easy to distinguish them because T. plagiata had been 
believed to be usually smaller than T. aureata as mentioned 
by Sugi (2001). However, from our detailed study we 
discover that while T. plagiata is generally significantly 
smaller than T. aureata, the lengths of their forewings 
overlap in some specimens. 


Therefore, to establish an exact identification method for 
both species, we investigate in this paper the morphological 
differences between their female genitalia and we also 
consider the possibility of distinction between them by 
standard DNA barcoding. 


Materials and methods 
Measurement of forewings 


For the measurement of lengths of forewings of the 
specimens, we used a total of 37 adults from Japan, Vietnam, 
Laos, Taiwan, Philippines, Malaysia, Indonesia and India. 
Their forewing lengths were measured by digital scales 
(MITUTOYO, ABS Digimatic Caliper CD-15CX) 
individually. In addition, we also examined the significant 
difference of length between forewings of both species 
using the Mann-Whitney U test. 


As a first step all individuals including males and females 
were dissected and we could identify all males easily. 
Secondly, we examined several smaller female specimens 
($20.9 mm) which we regarded as incontrovertibly T: 
plagiata and from this obtained an understanding of its 
female genitalia. Similarly, we also examined several 
larger female specimens (226.0 mm) which we considered 
to be T. aureata and hence obtained an understanding of 
its female genitalia. In this way, we established the 
characteristics of the female genitalia of both species. On 
this basis we could identify the medium sized female 
individuals (>20.9 mm and $25.9 mm) by the female 
genitalia. 


DNA experiments 


A total of ten adult specimens collected from Vietnam in 
2012 and 2013 at Light Trap were used for experiments. 
All legs on the right side of the body of all specimens 
collected were removed and one leg was put into 99.5% 
ethanol for subsequent DNA extraction; DNA was extracted 
using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, 
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Figs 1-4. Tiracola spp. (Scale bars = 10 mm; LF = Lengths of forewings) 
1: T. plagiata, 4 (LF 23.9 mm). 2: Ditto, # (LF 24.5 mm). 3: T. aureata, 3 (LF 22.2 mm). 
4: Ditto, & (LF 22.3 mm). 
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Fig. 5. Lengths of forewings and numbers of individuals of T. plagiata and T. aureata falling 
within each band. Males and females are distinguished and their numbers are also shown. 


Table. 1. Numbers of individuals examined and lengths of forewings of T. plagiata and T. aureata. 


. No. of Lengths of 
Species name acer ae forewings Z Pp 
(mm, Mean+SE) 
T. plagiata 17 21.6+1.6 
4.604 p=0.0001 
T. aureata 20 25.1+1.5 





*Lengths of forewings of two species are significantly different by Mann-Whitney U test. 
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Germany). Usually the remaining two legs were kept in 
a freezer at -30 °C using a 99.5 % ethanol soaked tube for 
further study of other regions of DNA. The leg was 
homogenized in 200 ul ATL-Buffer with 20 ul proteinase 
K and incubated at 55 °C for one hour. After incubation, 
total genomic DNA was extracted following the 
manufacture’s instructions. A DNA fragment of the 
mitochondrial cytochrome oxidase subunit I (CO/) gene 
was amplified using the polymerase chain reaction (PCR) 
with the primers LCO1490: (5’°-GGT CAACAAATCATAAA 
GATTGG-3’) and H CO2198: (5’-TAAACTTCAGGGTGA 
CCAAAAAA TCA-3’) (Folmer et al., 1994). The template 
profile was as follows: 94.0 °C for 300 sec, 40 cycles at 
94.0 °C for 30 sec, 47.0 °C (except for two examples; 
Accession Number AB827313 and AB827314 were done 
at 46 °C) for 30 sec, 72.0 °C for 60 sec; with final extension 
at 72.0 °C for 300 sec. PCR was preformed in a reaction 
volume of 40 ul using, 3.2 ul of dNTP Mixture, 4.0 ul of 
each primer (10 pmol/l), 4.0 ul of 10xEX Taq Buffer 
(Takara Bio, Tokyo, Japan), 0.4 ul of TaKaRa EX Taq 
(Takara Bio), 2.0 ul of template DNA, and 22.4 ul of SDW. 
We asked Takara Bio Inc. to do the analysis of nucleotide 
sequences by direct sequencing using a Big Dye Terminator 
v3.1 Cycle sequencing kit (Applied Biosystems) and an 
ABI 3730-XL genetic analyzer (Applied Biosystems, 
Foster City, CA, USA). 


We used MEGAS software (Tamura et al., 2011) to align 
nucleotide sequencing and to construct a neighbor-joining 
(NJ; Saitou and Nei, 1987) tree using p-distance. To 
estimate the confidence probability for each interior branch, 





the bootstrap method (Felsenstein, 1985) was performed 
with 1,000 replications. We used DNAsp v5 (Librado and 
Rozas, 2009) to search for sequence divergence between 
the two species. 


Specimens examined 
Tiracola plagiata (Walker) 


[Vietnam] 1%, Dak Lak Prov., Krong Bong District, Chu 
Yang Sin National Park, alt. 733m, 12. iii. 2013, T. Mita 
et al. (Accession No; AB827314); [Philippines] 1%, 
Negros, 1991; [Japan] 1%, Okinawa-Is., 21. ii. 2000, S. 
Tominaga; 1 J, ditto, 28. xi. 1999, S. Tominaga; 1 #, ditto, 
13. xi. 1999, S. Tominaga; 1%, ditto, 17. xi. 1999, S. 
Tominaga; 1 , Okuni-Rindou, Kunigami-vill., Okinawa., 
27. v. 2000, A. Sasaki; 1%, Kin-town, Okinawa, 28. v. 
2000, A. Sasaki; 12, ditto, 8. viii. 1995, K. Kudo; 1#, 
Tengan riv., Okinawa, 22. vii. 1998, K. Kudo; 12, 
Gushikawa, Okinawa, 14. vi. 1997, K. Kudo; 14, Mt. 
Banna, Ishigaki-jima, Okinawa, 3. vi. 1973, Y. Kurosawa; 
12, Chichi-jima, Ogasawara, Tokyo, 19. v. 1995, K. 
Takeuchi; [Malaysia] 2 4, Taiping, viii. 1973; 1%, ditto, 
vii. 1973; [Indonesia] 1 4, Berastagi, N. Sumatra, 27. iv 
- 4. v. 1988, S. & A. Saito. 


Tiracola aureata Holloway 


[Vietnam] 443 £, Lao Cai Prov., Tram Ton, Sapa, 1926m, 
22-23, vi. 2012, S. Yoshimatsu & D. Watabiki (Accession 
No: AB827305-AB827306, AB827308- AB827312) ; 14, 


Figs 6-7. Distal half of female genitalia 
of T. plagiata (Fig. 6) and T. 
aureata (Fig. 7) in ventral view. 
Scale bars = 1 mm. Following 
abbreviations as in Komai (2011) 
are used. ap; apophysis posterioris, 
aa; apophysis anterioris, an; 
antrum, db; ductus bursae. 
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Tiracola aureata (AB827305) 
Tiracola aureata (AB827306) 
Tiracola aureata (AB827308) 
Tiracola aureata (AB827309) 
Tiracola aureata (AB827310) 
Tiracola aureata (AB827311) 
Tiracola aureata (AB827312) 
Tiracola aureata (AB827313) 


Tiracola aureata (AB827307) 


Tiracola plagiata (AB827314) 
Spodoptera exempta (AB735231) 


Fig. 8. Neighbor-joining tree of Tiracola spp. based on 616 bp of the mitochondrial COI gene. 
Spodoptera exempta quoted from Genbank was used as an outgroup species. The bootstrap 
method was performed with 1,000 replications. 


Lao Cai Prov., Ta Phin, 1296 m, 25. vi. 2012, S. Yoshimatsu 
& D. Watabiki (Accession No: AB827307); 14%, Dak Lak 
Prov., Krong Bong District, Chu Yang Sin National Park, 
alt. 733 m, 13. iii. 2013, T. Mita et al. (Accession No; 
AB827313); [Laos] 1?, Xieng Khouang Prov., Phou 
Samsoum, alt. 1940m, S. Yoshimatsu & D. Watabiki; 
[Indonesia] 3%, Bali, west, ix. 1994; [Taiwan] 171?, 
Chiayi, 12-13. vii. 1964, H. Inoue; [Malaysia] 2? Taiping, 
vii. 1987; [India] 1%, Darjeeling, v. 1975, T. Hasegawa; 
1:17, Sabah, Mt. Kinabalu, 16-21, iii. 1977, N. Kashiwai. 


Voucher specimens are deposited in the Natural Resources 
Inventory Center, National Institute for Agro-Environmental 
Sciences (NIAES). 


Results and Discussion 


The results of measurement of the length of forewings are 
shown in Fig. 5. The results apparently show that there is 
no significant difference between the length of forewings 
of male and female. However, a significant difference was 
observed between the respective lengths of the forewings 
of each species (Table 1). 


The male genitalia of T. aureata were illustrated by 
Holloway (1989) and Kononenko and Han (2007). However, 
the female genitalia of T. plagiata have not been illustrated 
and no distinguishable characteristics of the female genitalia 
of these two species have been given until now. Therefore, 
here we show discrimination methods for both species 
using the female genitalia. The most reliable character to 
distinguish them is that the antrum of T. plagiata is wide 


and protrudes to produce an angle in the middle of both 
sides (Fig. 6), while that of T. aureata is narrow and never 
protruding at the sides (Fig. 7). 


Additionally, the male genitalia of both species are 
obviously different. The most reliable distinguishing 
feature is mentioned as follows by Holloway (1989) “In 
aureata the cucullus is triangular, the ventral angle (with 
spur or digitus) approximately level with the dorsal one, 
whereas in plagiata the dorsal angle is more rounded and 
strongly produced relative to the ventral one (though this 
is less pronounced in Pacific populations of plagiata) 


29 


etc.. 


In addition, we also developed a discrimination method 
using standard DNA barcoding. As a result, we could 
distinguish them successfully by this method also. We 
registered their nucleotide sequences in the DNA Data 
Bank of Japan (DDBJ) and we show the accession numbers 
of those registered specimens in Fig. 8. There was 5.1% 
sequence divergence between the two species. This 
percentage of sequence divergence is comparable to the 
average numerical value, 5.6% of six Japanese Spodoptera 
pest species as mentioned in Watabiki et al. (2013). 
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HMRDBMIT AOL AHA LARD INA bY 
(Tiracola plagiata) & AA 7 ANA bY (Tiracola aureata) 
eS S CMA HEME) 


Tiracola/B (X WEE: Ab A HBL) CERDD 13 FEDS 
DNTS. AKRPSWRHT LT OLBATNTET bb 
Z2 ANALY T. plagiata (Walker) EFA 7 Ia PYT. 
aureata Holloway ® 2 {E 2° at $k & 7 T v> S (Sugi, 2001; 
Yoshimatsu, 2011). 7 2253 bh YFA CEREDIRT, 4 
YEARLY SY CAAA Theobroma cacao XF TA) +B 
Hevea 5D ERL ULTOR V (Kalshoven and Laan, 
1981), AD Ò IIRO Se LTRS NTA A 
(Sugi, 1982), W3 E E CHAM SNTARRKOK 
(Holloway, 1989), Z EYO OTSR HRA OY E 
CHA. 


MEOMOBMRUSWT ADCT, BITE IER IC 
IS (CBA (Figs 1-4), SHLÉITE ARNT SC & LSE 
ABELOJ, ATA ANA RVISAANARVDIYO RK 
KEWOEDS MBO My lew L SNT RZ (Sugi, 
2001). EC ADS, BH SMAI HD FED HAD MEME 
BBRLWMRS PMC LE LCA, WMORME 
LILA BEDS oA OOA (Table 1), 7 DNARVOMPIZ 
lSFFIPANALVIVOMMRORYDOPHMSOHWMWE 
REO 4 ODZFFET A Z EL ASHI L (Fig. 5). RED HERE 
FARIZ, Holloway (1989) 12 k o THRE Ze a Bl ADRAR S 10 
TOZD, MMOMES BIC LCA NE CRT S NT 
CRPok. Bl CHEF 5 DAO ME aE e AN AR 
LRETA, antrumlk7 DNA bY TIEA <, MACH 
ATARI T ZOICHL, AAP ANA hY TAA 
l, HM LAWS l CMAs HH CR CK ACE MSH 
HHL (Figs 6,7). EL, FAN bFAHOMMO 
erakon LDD, TRAY FU ST COID— 
ER TAM OTRAS E LC, REA DNA ?S— 3-7 4 
YIIZEADMPMORBM RARE CA, AWCHATEDM 
IŠA. XDZ, Watabiki et al. (2013) (CBW CHAE 
HVAEY Abe Se Bb HAE Y WFR Spodoptera IR 6 ff 
DDNAN—-A-—F 4 VF HIRO fH OF 9 O HSE aA 
145.6% CHZATEBMENTWOAM, HMBC BY TI 
ANE p pytt? IANA bY OPMOWMR BIRR BU 
LEEZABLES1% CH”, HAE Spodoptera lB 6O 
fH OF OWE Bs ¢ MVOUeRLEOTC, BEE 
CIL CT Chih TES (Fig. 8). 


ZB, KAZO- EBLE LOA BE (No. 24405028) 
DRRDRR k YT be. 
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